Eleven culture experiments were conducted in the coastal upwelling system of the Ría de Vigo (NW 18 Iberian Peninsula) by inoculating GF/C filtrated (10%) in 0.2 μm filtrated (90%) surface seawater 19 collected under contrasting hydrographic conditions. Short term (4 days) laboratory incubations were 20 performed in the dark at 15ºC and dissolved organic carbon (DOC) concentration, bacterial biomass 21 (BB) and production (BP), and ETS activity were monitored to: 1) study the course of bacterial carbon 22 demand (BCD) and growth efficiency (BGE) during the incubation period; and 2) determine how BCD 23 and BGE were linked with the changing environmental conditions. BP decreased by < 4 times (range 24 from 3 to 11) and ETS activity increased by 6 times (range from 1 to 75) of the initial values after 4 25 days of incubation. As a result, the BCD increased by 5 times (range from 1 to 16) and the BGE 26 decreased by 15 times (range 2 to 55) over the same time interval. The BGE integrated over the 4-day 27 incubation period ranged between 7 ± 1 % and 41 ± 11% (average ± SD: 28 ± 11%); integrated BGE 28 
demand (BCD) and growth efficiency (BGE) during the incubation period; and 2) determine how BCD 23 and BGE were linked with the changing environmental conditions. BP decreased by < 4 times (range 24 from 3 to 11) and ETS activity increased by 6 times (range from 1 to 75) of the initial values after 4 25 days of incubation. As a result, the BCD increased by 5 times (range from 1 to 16) and the BGE 26 decreased by 15 times (range 2 to 55) over the same time interval. The BGE integrated over the 4-day 27 incubation period ranged between 7 ± 1 % and 41 ± 11% (average ± SD: 28 ± 11%); integrated BGE 28 increased significantly (R 2 = 0.64, p< 0.003) with the initial concentration of inorganic N (DIN) and 29 decreased significantly (R 2 = 0.55, p < 0.01) with the C:N ratio of the bioavailable dissolved organic 30 matter (BDOM). A multiple linear regression with DIN and the C:N ratio of BDOM explained 89% of 31 the observed variability in the integrated BGE, demonstrating the strong dependence of the growth 32 efficiency on the nutrient conditions and the quality of the organic substrate feeding the community of 33 this coastal embayment. 34
Introduction 39
Dissolved organic carbon (DOC) constitutes the major carbon source for heterotrophic bacteria 40 growth in marine pelagic systems (Hedges 2002) . The bacterial use of DOC is therefore a central issue 41
for understanding the carbon cycling through the microbial food web (Carlson 2002 , Gasol et al 2008 . 42
After bacterial assimilation, organic carbon has two likely pathways: it is either transformed into new 43 bacterial biomass (BB) or respired to CO 2 (BR). The ratio between production and the sum of bacterial 44 production and respiration is termed the bacterial growth efficiency (BGE), typically ranging from 1 to 45 60% (del Giorgio & Cole 1998) , meaning that between 40 to 99% of the assimilated carbon is used for 46 respiration. The approach often used to determine the BGE are controlled laboratory incubations, 47
where DOC concentration and microbial biomass are followed over time. This approach is associated 48
with some methodological problems such as changes in bacterial community structure and physiology, 49 and carbon and nutrient availability. This, together with the need for various conversion factors to 50 convert bacterial abundance and uptake of radioactive substances into biomass adds uncertainties to the 51 BGE estimates. In addition, the influence of short-term incubation (days) on the bacterial carbon 52 demand (BCD) and growth efficiency is still unresolved and there are only a few seasonal studies 53 describing how BGE change in relation to environmental conditions (Sherry et al. 1999 , Reinthaler & 54 Herndl 2005 , Alonso-Sáez et al. 2008 , which highly constrain our ability to model and predict the role 55 of heterotrophic bacteria in the carbon cycle (Carlson et al. 1999) . 56
The coastal ocean represents less than 10% of the ocean surface but contribute to 18-33% of the 57 oceanic primary production and 27-50% of the new production (Walsh 1991 , Wollast 1998 , Gattuso et 58 al. 1998 . Coastal upwelling systems are particularly dynamic areas as they account for > 10% of 59 global new production (Chavez & Toggweiler 1995) . The Galician Rías Baixas are four coastal V-60 shaped embayments in the NW Iberian Peninsula, situated at the boundary between the temperate and 61 6 with an aqueous stock solution of [ 3 were incubated in the dark at 15ºC for 2 h, 10 ml of ice-cold Trichloracetat (TCA) was thereafter added 108 and samples were filtered onto 0.2 μm polycarbonate filters (presoaked in thymidine), washed with 109 95% ethanol and autoclaved Milli-Q water. The filters were hereafter dried at room temperature (24 h) 110 and mixed with 10 ml of scintillation fluid (Sigma-Flour). The radioactivity incorporated into cells was 111 counted using a spectral liquid scintillation counter. Thymidine incorporated into bacterial biomass was 112 converted to carbon production using the theoretical conversion factors 2 x 10 18 cells mol , which is characteristic of 114 coastal bacterial assemblages (Fukuda et al. 1998) . 115
Samples for determining bacterial abundance (BA) were fixed (1-2 h) with formol in the dark, 116 filtered onto 0.2 µm polycarbonate filters, and stored at -20°C until counted. The samples were stained 117 with a with a 4´,6-diamidino-2-phenylindole (DAPI)-mix before counted on a Leica DMBL 118 microscope equipped with a 100-W Hg-lamp and appropriate filters. More than 800 DAPI-stained cells 119 were counted per sample. Bacterial biomass was calculated from BA, using the same cell to carbon 120 conversion factor as for BP. 121
Samples for determining DIN and DIP were collected in 50 ml acid washed polyethylene bottles 122 and kept frozen (-20ºC) until analysis using standard colorimetric methods with an Alpkem segmented 123 flow analyser. 124 DOC and TDN were measured using a Shimadzu TOC analyser (Pt-catalyst) connected to an 125 Antek-TN measuring unit. Three to five replicate injections of 150 µl were performed per sample. 126
Concentrations were determined by subtracting a Milli-Q blank and dividing by the slope of a daily 127 standard curve of potassium hydrogen phthalate and glycine. Using the deep ocean reference (Sargasso Regression analyses were performed using the best-fit between the two variables X and Y 160 obtained by regression model II as described in Sokal & Rohlf (1995) . In the cases were the intercept 161 was not significantly different from zero, it was set to zero and a new slope was calculated. Prior to the 162 regressions, normality was checked, the confidence level was set at 95% with all statistical analyses 163 conducted in Statistica 6.0. 164
165

Results
166
Environmental conditions -The environmental conditions during the sampling period in the Ría de 167 Vigo has previously been described in detail by Lønborg et al. (2010) . Briefly, the autumn sampling 168 evolved from upwelling to moderate downwelling favourable winds resulting in a decreasing 169 temperature from > 16ºC to < 14ºC, increasing DIN concentration from 3 to 13 µM, DIP between 0.19 170 and 0.68 µM and Chl a was constant at around 3 mg m -3 (Table 1 ). The winter sampling started with 171 relaxation evolving into strong downwelling conditions. Water temperature was relative constant at 172 around 13ºC, DIN and DIP concentrations were > 8 and > 0.42 µM respectively, and Chl a levels were 173 < 1.5 mg m -3 (Table 1 ). The spring sampling were dominated by moderate downwelling winds, with . In the summer sampling, initial strong upwelling was followed 176 by moderate downwelling conditions. The water temperatures were > 17ºC, DIN levels were < 3 µM, 177 DIP varied between 0.02 and 0.38 µM and Chl a varied between 1.1 and 4.5 mg m -3 (Table 1, (Table 1) . 186
Bacterial abundance and production -BA increased in all cultures (Figure 1 ) following the decreases 187 in DOM (Table 1) . Initial BA varied from 1.3 to 6.1 × 10 5 bacteria ml -1 , reaching 6.9 to 22.7 × 10 5 188 bacteria ml -1 after 4 days of incubation (Table 2) , corresponding to a bacteria biomass growth (BG) 189 between 0.95 ± 0.14 and 5.10 ± 0.14 µM C ( Table 2) ) after 4 days of incubation (Table 3a) . Integrated BCD was highest in fall and 208
summer reaching values between 0.9 ± 0.3 and 6.6 ± 0.4 µM C d -1 (4.5 ± 2.9 µM C d -1 ) (Table 3a) . 209
The instantaneous BGE had an initial average of 29 ± 15 % (range 6-55%) declining to 3 ± 2 % 210 (range 1-8%) after 4 days of incubation (Table 3b ). The integrated BGE reached values between 10 ± 211 4 and 62 ± 19 % (28 ± 13%) ( Table 3b) (Table 2 ). This result suggests that respiration and BCD increases, while 234 BP and BGE decreases, as the labile DOM fraction gets depleted. A similar decrease in the bacterial 235 carbon conversion efficiency at the stationary phase of long-lasting (weeks) batch cultures was reported 236
by Turley & Lochte (1990) . Therefore, as the incubations move towards more oligotrophic conditions 237 more carbon is used for energy production rather than being used for biomass production. Nevertheless, the good agreement between our initial instantaneous (28 ± 13%) and integrated BGE 252 (29 ± 15%) indicate that, in our study, the 4 days incubation did not severely underestimate BGE. Thus, 253 the BGE estimated from changes in bacterial biomass and DOC concentration over few days seems to 254 be a good approach as it relies on the use of less carbon conversion factors than the short-term 255 approach based on simultaneous bacterial production and respiration estimates. We do not know 256 whether and how the conversion factors may have changed seasonally and during our incubations, but 257 as our BGE estimates are similar to previous values it suggests that our calculations are within the right 258 
